We review the recent advancements in the fabrication and application of semiconductor optical fibers. Particular focus is placed on novel materials and device designs for use in optical signal processing systems.
Introduction
The nascent field of semiconductor core fibers is attracting increasing interest as a means to exploit the optoelectronic functionality of the semiconductor materials directly within the fiber geometry [1, 2] . Compared to their planar counterparts, this new class of waveguide retains many of the advantageous properties of the fiber platforms such as robustness, flexibility, cylindrical symmetry, and long waveguide lengths [ Fig. 1(a) ]. Furthermore, by making use of the complex microstructured optical fibers as templates [ Fig. 1(b) ], or by employing standard fiber post-processing procedures such as tapering [ Fig. 1(c)] , it is also possible to tailor the waveguide design far beyond what is achievable on-chip, of particular use for nonlinear applications [3] . In this paper we review our efforts regarding the optical characterization of a range of semiconductor optical fibers, fabricated by both high pressure deposition and molten core drawing methods. Results of transmission measurements obtained for fibers with different core materials and geometries will be presented, with the potential to extend their application into the long (mid to far-infrared) wavelength regimes being discussed. In addition, we will also present some of our more recent results where we have shown that it is possible to modify the optoelectronic properties of the core material using a laser processing procedure [4] . Our work in this area has shown that this new fiber technology has great potential for the development of a wide range of devices including broadband sources, modulators, amplifiers and even photodetectors. Step-index silicon core fiber (inset: germanium core fiber), (b) silicon microstructured optical fiber, and (c) tapered silicon core fiber (inset: ZnSe microcylindrical resonator).
Results and Discussion
Figure 2 highlights some of our latest results obtained for the silicon core fibers. Fig. 2(a) shows all-optical modulation of a λ ∼ 1.55 µm signal that is circulating in a silicon fiber-based resonator. The on/off switching is induced by an ultrafast Kerr nonlinear index modulation when the silicon core is pumped with 720 fs pulse source [5] . This modulated signal was obtained for an average pump power of 10 mW, for which we obtained an extinction ratio of ∼ 6 dB. Fig.  2(b) shows broadband supercontinuum generated via a cascaded four-wave mixing process in a small core (D ∼ 2 µm) silicon fiber, recorded for two different pump wavelengths [3] . For the longer pump wavelength we have obtained a continuum spanning more than an octave, which we attribute to the lower linear and nonlinear losses of the silicon material in this region, thus motivating a shift to investigate the use of these fibers within the mid-infrared region. Finally, Fig. 2(c) shows the results of photoconductivity measurements to determine the electronic band-gap shift of a silicon core fiber that has been modified via a laser processing procedure. From this we see that it is possible to induce a large reduction in the band-gap energy of the fiber core, down to 0.59 eV compared to 1.05 eV for the silicon reference sample [4] . Significantly, this shifts the absorption edge out to ∼ 2.1 µm which opens up the possibility to develop in-fiber silicon detectors that can operate across the entire telecommunications band. 
